We evaluated the microscopic and macroscopic characteristics of mycobacteria growth indicator tube (MGIT) cultures for the presumptive identification of the Mycobacterium tuberculosis complex (MTBC) and assessed the reliability of this strategy for correctly directing isolates to drug susceptibility testing (DST) or species identification. A total of 1526 isolates of mycobacteria received at the Instituto Adolfo Lutz were prospectively subjected to presumptive identification by the observation of growth characteristics along with cord formation detection via microscopy. The presumptive identification showed a sensitivity, specificity and accuracy of 98.8, 92.5 and 97.9 %, respectively. Macroscopic analysis of MTBC isolates that would have been erroneously classified as non-tuberculous mycobacteria based solely on microscopic morphology enabled us to direct them rapidly to DST, representing a substantial gain to patients. In conclusion, the growth characteristics of mycobacteria in MGIT, when considered along with cord formation, increased the reliability of the presumptive identification, which has a great impact on the laboratory budget and turnaround times.
Brazil is one of the 20 countries with the highest estimated numbers of incident tuberculosis (TB) cases in the world [1] . In 2015, there were >67 000 new cases in Brazil, 25 % of which were notified in the state of São Paulo [2] .
The Instituto Adolfo Lutz (IAL), the reference laboratory for TB and other mycobacteriosis in the state of São Paulo, receives mycobacterial isolates from 80 laboratories belonging to a well-established network comprising 291 laboratories. These isolates are either identified to the species level or subjected to drug susceptibility testing (DST) by the BACTEC MGIT 960 (Becton and Dickinson, Sparks, MD, USA). Annually, the IAL receives >7000 mycobacterial isolates cultured on solid (Löwestein-Jensen or OgawaKudoh) or mycobacteria growth indicator tube (MGIT) liquid media.
Because there is a high number of TB cases in Brazil, DST is only performed for persons at risk of developing drug resistance, i.e. patients with a positive culture at the second month of treatment, patients who have had contact with a drug-resistant TB case, patients who are immunosuppressed and patients who have a history of previous treatment or belong to a vulnerable population (e.g. are homeless, immigrants, indigenous, inpatients or prisoners) [3] .
At our laboratory, mycobacterial isolates received from the laboratory network are referred for species identification or DST after a presumptive identification based on the microscopic and macroscopic characteristics of the cultures has been performed. This presumptive identification has been well established for isolates on solid media [4, 5] . Thus, with regard to their macroscopic features, Mycobacterium tuberculosis complex (MTBC) colonies are dry, rough and cream-coloured, while non-tuberculous mycobacteria (NTM) colonies can be rough or smooth, dry or humid, and cream-coloured or pigmented [4] . With regard to their microscopic properties, the isolates are presumptively identified as MTBC when they show the characteristic serpentine cord formation, in which the long axis of the bacteria is parallel to the long axis of the cord. NTM usually appear in a scattered or non-oriented fashion [6] .
When it comes to liquid media, however, some NTM species can also form true cords or pseudocords, which appear as looser aggregates of bacilli [6] [7] [8] [9] [10] [11] . Moreover, it is not possible to observe the colony morphology on liquid media. Therefore, the presumptive identification of mycobacteria in liquid culture has involved some difficulties when mycobacterial cultures are being directed to species identification or DST, which impacts directly on the laboratory budget, as the cost of DST by the BACTEC MGIT 960 is very high.
Previous studies have analysed the usefulness of cord formation in liquid media for the presumptive identification of MTBC [12] [13] [14] ; however, the macroscopic appearance of these isolates was not characterized. Here, we evaluated the microscopic and macroscopic characteristics of MGIT cultures for the presumptive identification of mycobacteria and assessed the reliability of this strategy for correctly directing isolates to species identification or DST.
From March to August 2011, 1526 isolates of mycobacteria cultured in MGIT received at the IAL were prospectively included in this study. Thirty-four (2.2 %) isolates were excluded: 28 showed visual contamination and 6 had no visible growth.
For microscopic evaluation, smears were prepared according to the Minist erio da Saúde [15] . Briefly, on a class II A2 biosafety cabinet, 500 µl of the culture sediment from the bottom of the MGIT tube was softly mixed with a drop of a 10 % saturated solution of mercury chloride on a microscope slide. This solution was used to kill the mycobacteria. The slides were left under ultraviolet (UV) light and the air circulation of the cabinet for 15 min. After drying, the smears were fixed in a heating plate at 90 C for 15 min and stained using the Ziehl-Neelsen technique.
According to the laboratory routine, the microscopist read the smears and evaluated the following characteristics: the presence or absence of cord formation, pseudocords ( Fig. 1) and contamination by other micro-organisms. After the readings, the results for each isolate were recorded in a specific microscopy notebook. At the point when the isolates were directed to species identification or DST, the analysis of the macroscopic appearance was performed by a biologist, who used the results recorded in the microscopy notebook. The macroscopic characteristics that were evaluated were the presence or absence of turbidity and/or colony clumping in the MGIT tubes (Fig. 1) . Isolates showing cord formation under microscopy and colony clumping by macroscopic analysis were presumptively identified as MTBC, while isolates that had a uniform distribution through the smear (atypical morphology) and were turbid by macroscopic observation were considered to be NTM. The professionals who performed the presumptive analysis were not aware of the final identification results.
If the presumptive analysis identified an isolate as MTBC and the patient belonged to a population at risk of developing drug resistance, the isolate was subjected to DST for the first-line drugs (streptomycin, isoniazid, rifampicin, ethambutol and pyrazinamide) by the BACTEC MGIT 960. These isolates were also identified by MGIT tubes containing a final concentration of 500 µg ml À1 of p-nitrobenzoic acid [16, 17] . Isolates presumptively identified as MTBC whose patients did not have any criteria for DST were subjected to phenotypic [18] and/or molecular identification by an in-house real-time PCR targeting the mpt64 gene, which is specific for MTBC detection [19] . If an isolate had been identified as having NTM characteristics by the presumptive analysis, it was subjected to identification by conventional phenotypic methods and PRA-hsp65, according to Chimara et al. [18] . The hsp65 gene encodes the 65 kDa heat shock protein and is found in all species of mycobacteria.
Among the 1492 isolates included in our study, 1250 (83.8 %) were presumptively identified as MTBC and 242 (16.2 %) were presumptively identified as NTM. Of the 1250 isolates presumptively identified as MTBC, 913 (73 %) were directed to DST, while 337 (27 %) were subjected to phenotypic and/or mpt64 real-time PCR identification (Table 1) , according to the criteria expressed above.
Of the 1250 isolates presumptively identified as MTBC, 1183 (94.6 %) were confirmed to be MTBC, while 16 (1.3 %) were confirmed to be NTM by phenotypic and/or molecular techniques. Of the remaining 51 isolates, 33 (2.6 %) were contaminated and 16 (1.3 %) showed no growth on phenotypic tests, while 2 (0.2 %) were identified as mixed cultures of mycobacteria (Table 1) .
Among the 242 isolates presumptively identified as NTM, 196 (81 %) were confirmed to be NTM, while 14 (5.8 %) were identified as MTBC by phenotypic and/or molecular techniques. Contamination and no growth on phenotypic tests occurred for 16 (6.6 %) and 9 (3.7 %) isolates, respectively, while 7 (2.9 %) were identified as mixed cultures ( Table 1 ). The isolates that were contaminated and did not grow in phenotypic tests also showed invalid results for PRA-hsp65.
When we further assessed the 1409 isolates that showed valid identification results when examined using phenotypic and/or molecular techniques, 1343 (95.3 %) of them also showed valid microscopy results. The sensitivity, specificity and accuracy for cord formation alone were 97.5, 89.7 and 96.3 %, respectively. Our presumptive technique (using both the microscopic and macroscopic characteristics of the isolates) showed a sensitivity, specificity and accuracy of 98.8, 92.5 and 97.9 %, respectively (Table 1) .
With respect to the isolates that showed discordance between the presumptive and final identification results, 15/ 16 confirmed NTM species presumptively identified as MTBC presented cording and 1 was arranged in pseudocords. Nine of these isolates were grown in clumps, including the one that formed pseudocords (Table 2) .
Among the 14 isolates presumptively identified as NTM but confirmed as MTBC by phenotypic/molecular techniques, 8 showed atypical morphology in smears and 2 were arranged in pseudocords (Table 2) .
We found that 77 (6.4 %) out of the 1197 isolates identified as MTBC by phenotypic/molecular techniques were correctly classified presumptively as MTBC based mostly on macroscopic analysis, despite the fact that they showed inconclusive microscopic results or would have been directed erroneously based solely on microscopic analysis. Twenty-one of these isolates showed microscopic NTM morphology, while 37 were arranged in pseudocords, 17 contained only a few acid-fast bacilli (AFB) and 2 only presented contamination by other micro-organisms in the smear. Seventy-two of the 77 isolates presented growth in clumps in the MGIT. Fifty-six (72.7 %) of these 77 isolates had DST criteria, and of these 41 presented atypical morphology or pseudocords on microscopic analysis. Twelve (5.7 %) of the 212 isolates identified as NTM by phenotypic/molecular techniques that showed inconclusive microscopic results or MTBC morphology by microscopy, were presumptively identified correctly. Seven of these isolates presented cord formation (four Mycobacterium abscessus, one Mycobacterium kansasii, one Mycobacterium gordonae and one slow-growing scotochromogen), while three were arranged in pseudocords (one M. kansasii, one Mycobacterium fortuitum and one slow-growing photochromogen) and two only presented a few AFB in the smear (one Mycobacterium avium and one Mycobacterium intracellulare/Mycobacterium chimaera). Six of the 12 isolates showed growth in clumps (with 1 of these presenting yellow clumps), while three presented turbid growth and three presented growth that was turbid and in clumps.
Our presumptive identification considering growth characteristics together with microscopic analysis of the isolates in MGIT showed higher sensitivity, specificity and accuracy when compared to cord formation analysis only. These results are similar to those of Monteiro et al. [4] , who analysed both the microscopic and macroscopic characteristics of isolates in solid media and found a sensitivity and specificity of 98.9 and 86.9 %, respectively. Simeao et al. [5] obtained a higher accuracy (99.3 %) for colony observation and microscopy analysis together when compared with microscopy only (95.4 %).
Pseudocording was found in 43/1492 (2.9 %) isolates, 39 of which were identified as MTBC and 4 of which were identified as NTM by phenotypic and/or molecular tests. This is in contrast to previous studies that showed that pseudocords in liquid medium are characteristic of NTM [8, 9] . As we did not perform identification of the species inside the MTBC, the isolates that formed pseudocords might belong to a specific lineage.
Sixteen (1.3 %) of the 1250 isolates presumptively identified as MTBC were confirmed to be NTM, and 50 % of these grew in clumps. Cord formation in NTM isolates has also been detected by many studies. Köksalan et al. [20] encountered cording in M. gordonae, M. intracellulare and M. avium isolated from BACTEC 12B/13A liquid medium, while Tu et al. [14] found cording in M. kansasii and rapidgrowing mycobacteria isolated from MGIT.
Regarding the isolates with inconclusive or discordant microscopy characteristics when compared with final identification results, we were able to correctly direct 89/1492 (6 %) isolates to species identification or DST, based also on macroscopic analysis. Huang et al. [21] observed the microscopic and macroscopic growth morphology of MTBC isolates subjected to DST in drug-containing MGIT tubes in order to predict the purity of the cultures. They obtained sensitivities of 93 and 92 % for the macroscopic and microscopic morphology analyses, respectively, showing that examining the macroscopic characteristics of drug-resistant isolates is useful for preventing false resistance results.
Seventy-two (93.5 %) of the 77 MTBC isolates that were presumptively identified correctly, despite showing inconclusive microscopy results or an atypical morphology on the smear, grew in clumps, which enabled us to direct them accurately to identification by mpt64 real-time PCR or DST. Two isolates that presented visual turbidity were probably grown as very fine clumps, which may have confused the observer. When there is much growth of MTBC in MGIT, the tube may present clumps and turbidity, as found in three isolates with inconclusive results (few AFB and contamination) by microscopy. If we had not considered Both microscopic and macroscopic analyses of mycobacteria are subjective and difficult to standardise. Therefore, the results are directly dependent on the professionals' expertise. Because we are a large-volume reference laboratory for TB, our personnel are highly skilled. Nevertheless, it is important that all the laboratory staff are trained regularly, in order to maintain the accuracy of such results.
In addition, there are simple and rapid tests that can be used for isolates in which the presumptive identification is inconclusive, such as immunochromatographic assays (ICAs). A commercial ICA detecting the MPT64 antigen has been successfully tested under routine conditions in our laboratory for rapid and accurate identification of MTBC isolates [22] . However, analysis of both microscopic and growth characteristics of MTBC isolates still has to be considered because ICAs are not able to detect whether an MTBC isolate is contaminated or mixed with an NTM. If a contaminated or mixed MTBC culture is referred to DST, the BACTEC MGIT 960 results will be invalid, impacting directly on the laboratory budget due to the high cost of the automated technique.
Based on our findings, macroscopic observation of mycobacterial isolates in MGIT should be considered along with microscopic analysis, in order to enhance the accuracy of presumptive identification. This methodology is rapid, has a low cost and is very useful for correctly directing the isolates to additional tests, especially at a reference laboratory that receives a large number of isolates. The more accurately the isolates are presumptively identified, the faster the diagnosis will become available to the patient and the lower the financial costs will be for the laboratory.
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